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1	Introduction
During	the	operations	and	maintenance	phase,	Facilities	Management	(FM)	teams	often	spend	considerable	time	and	effort	collecting	information	from	various	combinations	of	electronic	data	and	hardcopy	documents.	There	is
a	constant	redundant	activity	searching	for,	sorting,	validating,	and	recreating	information	[1].	The	“National	Institute	of	Standards	and	Technology”	(NIST)	reported	that	two-thirds	of	 the	projected	$15.8	billion	 lost	 in	the	United
States	capital	facilities	industry	are	associated	with	inadequate	interoperability	during	the	Operations	and	Maintenance	(O&M)	phase.	Losses	associated	with	inadequate	interoperability	result	from	expenses	related	to	manual	data	re-
entry,	data	verification,	redundancy	and	idle	labour	time	searching	for	relevant	data	that	is	often	unavailable.	Minimizing	the	impact	of	interoperability	problems	requires	a	seamless	electronic	data	exchange	to	provide	FM	teams	with
a	comprehensive	and	accurate	database	[2].
The	concept	of	extending	Building	Information	Modeling	(BIM)	implementation	through	the	O&M	phase	is	simply	to	reduce	the	O&M	costs	and	reap	the	real	benefits	of	BIM's	capabilities	as	a	data	conduit.	However,	in	most
current	practices,	where	BIM	is	implemented	to	support	FM	operations,	FM	teams	do	not	normally	use	BIM	data	models,	either	because	these	models	do	not	include	the	required	FM	data	[3],	or	because	FM	teams	lack	understanding
of	how	to	transfer	information	from	BIM	models	to	FM	systems.	This	makes	the	information	exchange	process	between	BIM	and	FM	operations	tedious	and	overwhelming	[4].	There	are	still	technical	issues	to	be	overcome,	mainly
standardizing	the	information	exchange	process	and	resolving	interoperability	issues	between	BIM	and	FM	systems	[5].	Both	Becerik-Gerber	et	al.	[6]	and	Wetzel	&	Thabet	[7]	acknowledge	that,	although	BIM	easily	enables	data	flows
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Abstract
Although	a	considerable	number	of	studies	on	building	information	modeling	(BIM)	for	facilities	management	(FM)	have	been	conducted	during	the	past	ten	years,	a	lack	of	consensus	remains	among	academics	and
practitioners	concerning	the	successful	and	practical	 information	exchange	process	between	BIM	and	FM	systems.	There	 is	a	need	to	establish	an	up-to-date	synthesis	on	the	current	status	of	 information	exchange	and
interoperability	between	BIM	and	FM	systems.	After	an	in-depth	review	of	113	journal	articles	published	from	2008	to	2018,	this	study	systematically	presents	(1)	a	holistic	review	and	critical	reflection	on	the	current	status
of	BIM	implementation	in	FM	with	a	focus	on	information	exchange	and	interoperability,	(2)	research	trends	and	patterns	and	(3)	research	gaps	and	a	future	agenda	in	this	area.	Through	a	bibliometric	and	content	review
analysis,	this	paper	concludes	that	the	process	of	information	exchange	between	BIM	models	and	FM	systems	is	not	a	straightforward	process,	as	software	interoperability	remains	a	significant	challenge.	Bridging	this	gap
requires	standardized	practical	processes	to	integrate	different	information	sources	related	to	maintenance	management,	health	&	safety	management	tasks	and	BIM	data,	to	provide	a	rich	semantic	database	to	support	FM
systems.	Finally,	it	is	hoped	that	this	paper	will	advocate	further	developing	a	seamless	information	exchange	process	between	BIM	and	FM	systems	to	overcome	interoperability	issues	and	facilitate	BIM	implementation	in
FM.
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between	facility's	lifecycle	stages,	using	an	interoperable	data	format,	data	exchange	and	interoperability	between	BIM	and	FM	systems	still	remain	problematic.	This	paper	aims	to	provide	a	comprehensive	discussion	concerning
recent	advances	in	the	field	of	information	exchange	and	interoperability	between	BIM	and	FM	systems.
Recent	reviews	of	BIM	implementation	and	research	approaches	in	FM	either	covered	digitisation	in	FM,	where	BIM	was	presented	among	other	technologies	[8,9];	or	BIM	implementation	in	FM,	where	the	reviews	analysed
the	existing	research	on	BIM	for	FM	and	established	trends	[10].	Some	of	the	reviews	concentrate	on	specific	aspects	of	BIM	implementation	in	FM	such	as:	BIM	for	FM	with	specific	focus	on	refurbishment	and	maintenance	[11];
energy	retrofitting	[12],	knowledge	management	[13,14];	existing	buildings	[15],	and	as-is	BIM	model	surveys	[16];	Burno	et	al.,	2018).	Although	topics	regarding	data	exchange	and	interoperability	between	BIM	and	FM	systems	were
covered	in	some	reviews	and	identified	as	a	research	trend	[11];	[8,9,12,14],	the	existing	research	in	this	field	requires	more	work	to	be	done	to	investigate	the	current	status	of	data	exchange	and	interoperability	between	BIM	and	FM
systems	and	to	recommend	future	work.	As	there	is	no	specific	overview,	to	our	knowledge,	of	data	exchange	and	interoperability	between	BIM	and	FM	systems,	we	try	to	close	this	gap	partly	with	the	present	contribution.	This	paper
aims	 to	address	 the	 following	objectives:	 first,	 to	assess	 the	 literature	 in	academic	 journals	concerning	developing	data	exchange	and	 interoperability	between	BIM	and	FM	systems	by	mapping	 trends	according	 to	 the	 reviewed
articles'	content	and	contribution.	Secondly,	we	aim	to	map	the	literature	by	identifying	the	research	focus	of	each	reviewed	article	and	organizing	them	accordingly	in	relevant	domain	topics.	Thirdly,	it	is	intended	to	shed	the	light	on
the	current	status	of	information	exchange	and	interoperability	between	BIM	and	FM	systems	and	propose	a	future	agenda	for	each	domain	area.
2	Research	methodology
This	study	analyses	and	categorizes	the	existing	research	on	BIM	for	FM	with	a	focus	on	information	exchange	and	interoperability	for	the	last	decade	and	until	2018	by	conducting	a	quantitative	and	qualitative	research
method.	The	bibliometric	analysis	in	this	study	aims	to	provide	a	quantitative	analysis	by	using	statistical	methods	to	analyse	trends	of	academic	publication	and	citation	to	evaluate	the	existing	research	performance	and	understand
the	patterns.	The	bibliometric	analysis	in	this	study	consists	of	six	steps,	as	shown	in	Fig.	1.:	(1)	a	keyword	search	in	the	Scopus	database;	(2)	applying	filters	to	include	articles	that	discuss	BIM	for	FM,	journal	articles,	and	English
language;	(3)	journal	selection	with	CiteScore	greater	than	one;	(4)	journal	databases	search;	(5)	combining	the	two	search	methods'	results	in	one	list	to	avoid	any	duplication;	(6)	categorizing	articles	according	to	their	keywords.
Firstly,	 we	 conducted	 a	 keyword	 search	 in	 the	 Scopus	 database	 using	 different	 keywords:	 (1)	 “BIM”;	 (2)	 “Building	 Information	Modeling”;	 (3)	 “Building	 Information	Modeling”;	 (4)	 “FM”;	 (5)	 “Facility	Management”;	 (6)
“Facilities	Management”;	 (7)	“Operations	and	Maintenance”	and	 (8)	 “Asset	Management”,	which	 resulted	 in	 502	 articles.	 Secondly,	we	 filtered	 all	 articles	 to	 select	 only	 journal	 articles	 related	 to	BIM	 implementation	 in	 FM	and
published	in	the	English	language,	which	resulted	in	140	articles.	Thirdly,	we	identified	the	journals	by	filtering	articles	that	were	available	in	journals	with	a	CiteScore	greater	than	one	(CiteScore:	“is	the	number	of	citations	received
by	a	journal	in	one	year	to	documents	published	in	the	three	previous	years,	divided	by	the	number	of	documents	indexed	in	Scopus	published	in	those	same	three	years”).	The	fourth	step	was	conducted	using	the	individual	selected
Fig.	1	Flow	diagram	of	selection	of	articles	for	bibliometric	analysis	on	BIM	for	FM.
alt-text:	Fig.	1
journals'	databases	in	the	previous	step	to	overcome	any	limitation	in	the	Scopus	database	related	to	the	search	method.	Then,	in	the	fifth	step,	we	combined	the	two	search	results,	excluded	any	duplicated	articles	and	organized	them
in	one	list,	which	resulted	in	124	academic	articles	fitting	our	criteria.	Of	the	124,	eleven	are	general	reviews	on	BIM	for	FM	and	were	already	discussed	in	the	research	introduction.	Accordingly,	we	excluded	the	literature	review
articles	and	considered	only	113	articles	for	the	sixth	step	of	the	keywords	clustering.
The	content	analysis	in	this	study	was	adopted	to	derive	qualitative	data	analysis	of	the	113	articles	based	on	the	technical	aspect	of	each	article	to	derive	patterns	and	propose	future	research	directions	as	detailed	in	section
4.
3	Bibliometric	analysis	results
The	bibliometric	analysis	results	reveal	that	over	the	last	decade	there	has	been	a	noticeable	growth	in	the	number	of	publications	on	BIM	for	FM,	from	three	in	2008	to	28	in	2018	(Fig.	2	and	Table	1).	Interestingly,	75%	of	the
publications	were	published	during	the	last	five	years,	which	means	that	BIM	implementation	in	FM	is	a	new	domain	with	increasing	interest,	especially	during	2018.
Table	1	Review	sources	of	34	academic	journals	and	the	identified	articles	during	2008–2018.
alt-text:	Table	1
Journals 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
Automation	in	Construction 1 0 0 1 2 5 6 3 1 6 7 32
Advanced	Engineering	Informatics 1 0 1 1 0 3 0 1 1 1 4 13
J.	of	Computing	in	Civil	Engineering 0 0 0 0 0 1 1 0 3 2 1 8
Built	Environment	Project	and	Asset	Management 0 0 0 0 0 0 0 6 0 1 0 7
J.	of	Information	Technology	in	Construction 0 1 0 0 0 2 0 1 1 1 1 7
Facilities 0 0 0 0 1 0 2 0 2 0 1 6
J.	of	Management	in	Engineering 0 0 0 0 0 0 1 0 2 0 1 4
Building	and	Environment 0 0 0 0 0 0 0 1 0 1 1 3
Buildings 0 0 0 0 0 0 0 2 1 0 0 3
J.	of	Building	Engineering 0 0 0 0 0 0 0 0 0 0 3 3
J.	of	Construction	Engineering	and	Management 0 0 0 1 1 0 0 0 0 1 0 3
Structural	Survey 1 0 0 0 0 0 0 1 1 0 0 3
Fig.	2	BIM	for	FM	articles	published	over	the	last	decade.
alt-text:	Fig.	2
The	Scientific	World	Journal 0 0 0 0 0 2 1 0 0 0 0 3
Advances	in	Engineering	Software 0 0 0 0 0 0 0 0 1 0 1 2
Applied	Energy 0 0 0 0 0 1 0 0 0 0 1 2
Computers	in	Industry 0 0 0 0 0 0 2 0 0 0 0 2
Engineering,	Construction	and	Architectural	Management 0 0 0 0 0 0 0 0 1 1 0 2
International	Journal	of	Building	Pathology	and	Adaptation 0 0 0 0 0 0 0 0 0 0 2 2
J.	of	Architectural	Engineering 0 0 0 0 0 1 0 0 0 1 0 2
J.	of	Performance	of	Constructed	Facilities 0 0 0 0 0 0 0 0 1 1 0 2
Renewable	&	Sustainable	Energy	Reviews 0 0 0 0 0 0 0 0 0 1 1 2
Architectural	Engineering	and	Design	Management 0 0 1 0 0 0 0 0 0 0 0 1
Advances	in	Civil	Engineering 0 0 0 0 0 1 0 0 0 0 0 1
Applied	Sciences 0 0 0 0 0 0 0 0 0 0 1 1
Building	Research	and	Information 0 0 0 0 0 0 0 0 0 1 0 1
Construction	Management	and	Economics 0 0 0 0 0 0 0 1 0 0 0 1
Energies 0 0 0 0 0 0 0 0 0 1 0 1
Expert	Systems	with	Applications 0 0 0 0 0 1 0 0 0 0 0 1
J.	of	Corporate	Real	Estate 0 0 0 0 0 0 0 0 0 0 1 1
J.	of	Facilities	Management 0 0 0 0 0 0 0 0 0 0 1 1
KSCE	Journal	of	Civil	Engineering 0 0 0 0 0 0 0 0 0 0 1 1
Science	and	Technology	for	the	Built	Environment 0 0 0 0 0 0 0 0 0 1 0 1
Sustainable	Cities	and	Society 0 0 0 0 0 0 0 0 0 1 0 1
Energy	and	Buildings 0 0 0 0 0 0 1 0 0 0 0 1
Total	per	year 3 1 2 3 4 17 14 16 15 21 28 124
Over	the	ten-year	period	under	review,	and	based	on	our	selection	criteria,	the	largest	number	of	publications	in	the	field	of	BIM	for	FM	were	published	in	“Automation	in	Construction”	with	32	of	the	total	selected	articles.
This	was	followed	by	“Advanced	Engineering	Informatics”	(13	articles),	and	“Journal	of	Computing	in	Civil	Engineering”	(8	articles).	Interestingly,	these	three	journals	published	43%	of	the	total	selected	articles	and	from	2013	they	all
started	 to	 focus	more	on	 this	 field.	Meanwhile,	 the	other	 two	 journals,	namely:	Built	Environment	Project	&	Asset	Management”	and	“Journal	of	 Information	Technology	 in	Construction”	published	7	articles	 for	each,	 followed	by
“Facilities”,	(6	articles)	and	“Journal	of	Management	in	Engineering”	(4	articles),	as	shown	in	Table	1	and	Fig.	3.	The	remaining	journals'	publication	rate	varied	between	one	to	three	articles	only	during	the	ten-year	period.
The	bibliometric	analysis	also	reveals	that	the	largest	number	of	journal	publications	over	the	last	decade	were	conducted	in	the	USA	(40),	UK	(24),	Canada	(15),	Australia	(9),	Taiwan	(8)	and	China	(7),	as	shown	in	Fig.	4.	It
was	expected	that	the	USA	would	have	the	largest	proportion	of	publications	in	BIM	research,	since	BIM	was	established	in	the	USA.	The	analysis	also	shows	that	the	interest	in	implementing	BIM	in	FM	has	been	growing	over	the	last
three	years	in	the	UK,	due	to	the	government's	initiative	in	adopting	BIM	for	its	centrally	procured	projects.
Furthermore,	the	bibliometric	analysis	reveals	that	six	of	the	ten	most	cited	articles	were	published	in	“Automation	and	Construction”.	The	top	ten	cited	articles	according	to	the	Scopus	citation	metric	are	summarized	in	Table
2.
Table	2	Top	10	cited	articles	in	2008–2018.
alt-text:	Table	2
Citations Article Author Journal Year
357 Building	Information	Modeling	(BIM)	for	existing	buildings	-	Literature	review	and	future	needs Volk	et	al. Automation	in	Construction [15]
201 Application	areas	and	data	requirements	for	BIM-enabled	facilities	management Becerik-Gerber	et	al. Journal	of	Construction	Engineering	and	Management [6]
171 Advanced	Engineering	Informatics [104]
Fig.	3	Articles	per	year	per	source	(top	7	journals).
alt-text:	Fig.	3
Fig.	4	Articles	by	country	or	territory.
alt-text:	Fig.	4
Building	information	modeling	–	Experts'	views	on	standardisation	and	industry	deployment Howard,	and	Björk,
135 Towards	building	information	modeling	for	existing	structures Arayici,	Yusuf Structural	Survey [87]
129 IFC	and	building	lifecycle	management Vanlande	et	al. Automation	in	Construction [51]
110 BIM	implementation	throughout	the	UK	construction	project	lifecycle:	An	analysis Eadie	et	al. Automation	in	Construction [103]
98 Building	operation	and	energy	performance:	Monitoring,	analysis	and	optimisation	toolkit Costa	et	al. Applied	Energy [80]
97 A	knowledge-based	BIM	system	for	building	maintenance Motawa,	and	Almarshad Automation	in	Construction [73]
76 Imaged-based	verification	of	as-built	documentation	of	operational	buildings Klein	et	al. Automation	in	Construction [88]
73 A	benefits	realization	management	building	information	modeling	framework	for	asset	owners Love	et	al. Automation	in	Construction [69]
The	bibliometric	analysis	shows	that	BIM,	FM	and	O&M,	are	the	most	frequently	used	keywords;	this	is	not	surprising	since	our	search	was	specific	in	this	field.	This	is	followed	by	maintenance	management,	IFC,	lifecycle
information,	information	integration,	building	performance,	COBie,	handover,	information	requirements	and	interoperability,	as	shown	in	Fig.	5.	The	keywords'	frequency	helped	us	in	clustering	the	selected	publications	in	six	clusters
after	combining	the	common	interest	of	keywords	as	follows:	(1)	information	management	(includes:	information	integration,	information	requirements,	information	exchange,	handover,	data	warehouse,	data	transfer,	data	mining,	life
cycle	information	and	information	systems),	(2)	maintenance	management	(includes:	fault	detection	and	diagnosis,	and	HVAC),	(3)	energy	management	(includes:	building	performance	and	energy	efficiency),	(4)	refurbishment/retrofit,
(5)	existing	building	audits	and	surveys	(includes:	as-built	BIM,	laser	scanning,	and	point	cloud),	(6)	BIM	for	FM	(includes:	owners	and	BIM	adoption).	The	clustering	of	the	keywords	shows	that	the	majority	of	the	selected	publications
fall	under	the	first	cluster	“information	management”.	Generally,	keyword	analysis	can	help	in	mapping	the	literature,	but	is	not	enough	when	the	topic	is	new	and	precise,	because	a	keyword's	occurrence	will	not	exceed	two	or	three
times	in	some	cases.	Accordingly,	we	decided	to	conduct	a	content	analysis	in	which	we	reviewed	each	article	individually	to	generate	patterns	and	trends	of	existing	research,	based	on	the	article's	content	and	contribution.
4	Content	analysis
Fig.	5	Keyword	clustering.
alt-text:	Fig.	5
In	order	to	generate	a	more	qualitative	analysis	of	the	reviewed	articles	and	derive	patterns	to	propose	a	future	agenda,	we	mapped	the	selected	articles	and	proposed	a	categorisation	structure	based	on	content	analysis	of	the
articles,	as	shown	in	Fig.	6.	According	to	our	content	analysis,	the	selected	articles	for	review	were	categorized	into	eight	categories,	based	on	their	research	focus	and	contribution,	as	detailed	in	Table	3.
Table	3	Articles	content	themes	of	BIM	research	for	FM	2008–2018.
alt-text:	Table	3
Themes 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total
Information	Management 1 1 2 1 1 7 4 4 5 11 10 47
BIM	in	FM 1 0 0 1 1 4 3 6 3 2 4 25
Maintenance	Management 0 0 0 0 0 3 1 2 4 2 2 14
Energy	Management 0 0 0 0 0 1 0 1 0 1 3 6
Existing	Buildings'	Audits	&	Surveys 1 0 0 1 1 1 2 1 0 0 2 9
Engagement	of	FM	in	Design	Stage 0 0 0 0 1 1 1 1 1 0 0 5
Refurbishment/Retrofit 0 0 0 0 0 0 1 0 2 0 2 5
Health	&	Safety	Management 0 0 0 0 0 0 0 2 0 0 0 2
Total 3 1 2 3 4 17 12 17 15 16 23 113
5	Research	gaps	and	future	agenda
This	section	provides	an	overview	of	the	research	patterns	identified	in	section	4,	and	suggests	areas	where	further	research	is	required	within	the	scope	of	each	pattern.
5.1	Category:	information	management
It	is	critical	for	FM	teams	to	have	accurate,	comprehensive	and	available	information	to	support	effective	and	efficient	building	operations	and	maintenance	activities	[17,18].	However,	the	FM	teams	continue	to	struggle	with
information	management,	mainly	because	of	 the	various	FM	 information	 systems,	which	 lack	 interoperability	between	each	other	 [19].	BIM	offers	 opportunities	 to	 improve	 facility	 information	management	by	providing	a	unified
Fig.	6	Content	analysis	results.
alt-text:	Fig.	6
platform	for	various	data	sources	needed	 for	daily	O&M	activities.	Among	many	unresolved	 issues	 that	need	 to	be	addressed	 for	successful	BIM	 implementation,	 information	exchange	and	 interoperability	 remain	 the	main	 issues
[5,6,20].	Our	 review	shows	 that	 the	 last	 three	years	have	been	productive	 in	 the	BIM-based	FM	 information	management	 field:	27	out	of	 the	47	 reviewed	articles	 in	 this	category	were	published	during	 the	 last	 three	years	only,
recording	the	highest	growth	rate	among	all	categories	identified	in	this	review.	Our	review	of	published	articles	in	this	area	reveals	that	the	existing	research	used	several	methods	to	manage	lifecycle	information	as	discussed	in	the
following	subsections.
5.1.1	Sub-category:	life	cycle	information	integration
The	sub-category	that	is	most	investigated	in	this	area	is	information	integration,	using	different	techniques,	such	as	data	warehouse	[21],	agent-based	web	services	[22],	linking	data	in	the	cloud	[23,24],	a	relational	database	and	real-time	data
[25,26],	a	semantic	web	ontology	[27,28],	and	using	data	mining	techniques	to	extract	useful	information	from	BIM	models	to	support	FM	activities	during	the	O	&M	phase	[29,30].	Other	studies	focused	on	integrating	different	technological	systems	rather
than	integrating	the	required	FM	information,	for	instance,	integrating	BIM	with	RFID	tags	to	capture	lifecycle	information	(Motamedi	and	Hammad	2009);	[31,32],	applying	machine	learning	concept	and	raw	sensor	data	[33],	2D	barcode	and	mobile
devices	[34],	a	BIM/GIS-based	information	extraction	(Mignard	and	Nicolle	2014);	[35].	Other	works	focused	on	FM	required	information	and	developed	bespoke	techniques	to	integrate	heterogeneous	data,	including	BIM,	by	introducing	an	application
programming	interface	plug-in	to	extend	COBie	by	synthesising	semantic	data	requirements	that	explicitly	meet	the	owner's	needs	[36]	Edwards,	2017),	and	integration	of	BIM	and	BAS	information	through	a	developed	middleware	layer	to	support	energy
consumption	benchmarking	[37].
5.1.2	Sub-category:	information	requirements
This	 sub-category	 focuses	 on	 identifying	 the	 FM	 information	 requirements	 for	 successful	 facilities	 information	management	 through	BIM.	 The	 current	 research	 focused	 on	 very	 specific	 information	 requirements	 by	 identifying	 the	 required
information	of:	healthcare	facilities	[38–41],	HVAC	systems	[42–44],	the	building	handover	process	[45–49].	Only	one	article	was	found	that	focused	on	creating	a	generic	set	of	information	requirements	for	a	successful	information	exchange	process	[50].
Other	authors	in	this	area	proposed	an	information	classification	and	prioritization	methodology	(Rodriguez	Trejo	et	al.,	2017);	(Hosseini	et	al.,	2018).
5.1.3	Sub-category:	information	quality	and	information	exchange	standards
One	of	the	earliest	studies	was	conducted	by	Vanlande	et	al.	[51]	with	a	focus	on	BIM	open	standards.	These	authors	proposed	a	semantic	indexation	method,	based	on	the	IFC	open	standard	for	lifecycle	information	management.	In	the	same	vein,
Hjelseth	[52]	developed	FM	information	specifications	in	different	roles	and	phases	of	a	building's	life	cycle.	Recent	studies	in	this	area	have	shifted	towards	evaluation	of	BIM	standards	in	asset	register	creation	[54,108],	lifecycle	information	management
[53],	and	in	developing	an	asset	information	model	[54,108].	Recently,	there	has	been	an	increasing	interest	in	proposing	different	methods	to	evaluate	BIM	information	quality	[55–57].	However,	in	our	review,	we	found	an	interesting	example	focused	on
examining	 a	 real-world	 case	 study,	where	BIM	open	 standards,	 namely	 “COBie”	were	used	 for	 the	 information	 exchange	process	 [58].	 In	 this	 study,	 the	 authors	 reported	 the	 shortcomings	 of	 the	 existing	 data	 open	 standards	 and	 specifications	 and
recommended	more	case	studies	to	provide	further	insights	into	the	evolving	field	of	BIM	in	FM.
Within	this	context,	there	are	47	articles	which	tackled	facilities	information	management	using	BIM	in	different	ways.	Interestingly,	58%	of	the	selected	articles	were	published	between	2016	and	2018,	which	makes	this	the	fastest	growing	among
the	categories.	The	earliest	attempts	 in	 this	 field	started	 in	2008	with	a	 focus	on	 the	basic	concept	of	creating	BIM	objects'	 information	and	 libraries	 to	 include	 facility	 information	 in	a	BIM-IFC	 file.	 In	2013,	 the	 trend	shifted	 towards	 integration	of
information	between	BIM	models	and	external	data	sources.	The	evolution	in	facilities	information	management	continued,	using	different	techniques	to	collect	and	retrieve	information,	until	2016	when	the	focus	of	the	research	became	more	specific	and
researchers	 started	 to	 think	holistically	 about	FM	 information	management.	Several	 recent	efforts	 to	 identify	 the	 required	FM	 information	of	BIM	models	 focused	on	either	 the	handover	of	 the	 required	 information	or	 the	mechanical,	 electrical	 and
plumbing	(MEP)	information	requirements.	Only	one	study	was	found	in	this	focus	that	identified	a	generic	list	of	information	requirements	that	could	be	used	for	any	type	of	facilities	[50].	Other	attempts	focused	on	collecting	FM	information	automatically
by	developing	plug-in	applications	(e.g.	Ref.	[36],	and	on	integrating	heterogeneous	information	sources	by	developing	a	middleware	layer	(e.g.	Ref.	[37].	Among	the	selected	47	articles	in	this	category,	only	one	interesting	article	presented	a	real-world
case	study	that	shows	a	holistic	facilities	information	management	system	using	BIM	open	standards	and	reported	accordingly	the	information	exchange	process	using	COBie	shortcomings	and	captured	lessons	learned	for	further	future	research	[58].	Our
review	shows	that	there	remains	a	lack	of	a	standardized	process	for	a	seamless	information	exchange	between	BIM	and	FM	systems	and	a	lack	of	holistic	guidance	that	encapsulates	all	the	required	FM	information	for	efficient	operations	across	all
systems	and	building	types.	A	future	agenda	involves:	(1)	mapping	a	clear	process	for	seamless	information	exchange	between	BIM	and	FM	systems,	(2)	developing	specifications	to	identify	specific	information	needs	for	FM,	(3)	providing	more	real-world
case	studies	to	provide	insights	on	information	exchange	processes	between	BIM	and	FM,	and	(4)	identifying	an	information	quality	evaluation	process,	to	ensure	all	owner/FM	requirements	are	considered	carefully	in	BIM	models.
5.2	Category:	BIM	in	FM	–	value,	applications	and	challenges
BIM	provides	the	FM	team	with	access	to	digital	information	about	facility	components	and	equipment	from	one	unified	source,	which	reduces	the	time	and	cost	involved	in	searching	for	information	from	large	fragmented
unstructured	data	and	increases	the	accuracy	of	FM	information	[20].	BIM	can	be	a	leverage	for	FM	practice	by	improving	the	handover	processes	[102],	reducing	the	time	spent	in	localizing	facility	assets	[59,60];	[111]),	enhancing
fault	detection	and	identification	in	all	construction	phases,	and	it	supports	collaboration	and	visualisation	of	data	[61–64].	BIM	can	enhance	the	efficacy	of	the	work	orders'	execution	process	by	providing	comprehensive	and	accessible
information	[20,63].	Moreover,	BIM	can	support	other	FM	activities,	such	as	market	intelligence	and	satisfaction	surveys	[65],	and	in	preparing	the	rental	contracts	[66].	Other	benefits	of	BIM	implementation	in	FM	include:	enabling
efficient	knowledge	management	throughout	the	facility	 life	cycle	[67],	enhancing	building	performance	and	occupant	value	[62].	A	comprehensive	study	conducted	by	Ref.	[6]	summarized	the	benefits	of	 integrating	BIM	with	FM,
including,	but	not	 limited	 to,	 localization	of	 facility	components,	 real-time	data	accessibility,	 space	management,	maintainability	assessment,	digital	asset	creation,	non-capital	construction	planning,	energy	monitoring,	emergency
management,	visualisation	and	marketing,	and	personnel	training.	Another	study	conducted	by	Love	et	al.	[68]	concluded	that	BIM	can	improve	FM	workflow,	maintenance	efficacy,	and	safety	management.	Based	on	their	study,	Love	et
al.	[69]	developed	a	BIM	benefits	realization	framework	for	asset	owners.
Other	studies	focused	more	on	the	challenges	of	integrating	BIM	with	FM	(e.g.	Refs.	[61,70].	However,	among	the	25	reviewed	articles	under	this	category,	some	studies	adopted	the	case	study	analysis	approach	[20,64];	[63];
[62,66,71]	 to	 investigate	BIM	 implementation	 in	FM	 in	 terms	of	BIM	applications	and	challenges.	The	 remaining	articles	 adopted	different	 approaches,	 including	developing	a	 conceptual	 framework,	 interviews	and	questionnaire
surveys	to	investigate	BIM	adoption	in	FM.	A	future	agenda	for	this	category	involves:	(1)	more	real-world	case	studies	with	a	focus	on	evaluating	the	current	challenges	that	hinder	BIM	implementation	in	FM;	(2)	more	real-world	case
studies	with	a	focus	on	the	quantified	value	of	BIM	implementation	in	FM.
5.3	Category:	maintenance	management
The	review	showed	a	high	growth	rate	in	this	category:	60%	of	the	total	selected	articles	(14	articles)	were	published	in	the	last	three	years.	In	the	current	FM	practice,	information	is	distributed	between	various	FM	systems
such	as	computerized	maintenance	management	system	(CMMS),	computer	aided	facilities	management	(CAFM),	and	building	automation	system	(BAS).	BIM	with	its	capabilities	as	a	data	conduit	can	provide	an	easy	retrieval	of	the
FM	information	required	for	senior	management	decisions.	Current	solutions	include	integrating	BIM	and	FM	systems'	 information	using	different	technologies,	such	as	semantic	web	technology,	to	help	maintenance	personnel	to
efficiently	track	and	control	the	whole	maintenance	management	process	[72],	and	integrating	BIM	and	knowledge	systems	in	a	case-based	reasoning	module	to	enable	maintenance	information	retrieval	and	knowledge	sharing	to	solve
maintenance	problems	[73,74].	Other	 attempts	 focused	 on	 developing	 automated	 approaches	 to	 define	 possible	 causes	 and	 retrieve	 related	 information	 to	 facilitate	 the	 process	 of	HVAC	 troubleshooting	 [75,76].	Other	 automated
approaches	 focused	on	providing	FM	 teams	with	visualizations	of	 the	work	order	categories	 to	enhance	 the	work	order	execution	process	 [77],	 and	 to	 schedule	FM	work	orders	 [78]	 to	help	prioritize	 assignment	 of	maintenance
activities.
Among	the	14	reviewed	articles	in	this	category,	two	articles	focused	on	information	exchange	and	interoperability	between	BIM	and	maintenance	systems.	The	first	one	was	conducted	by	Shalabi	and	Turkan	[5];	who	proposed
an	approach	that	utilises	a	BIM-IFC	file	to	link	BAS	with	related	data	from	CMM,	in	order	to	optimize	the	corrective	maintenance	data	collection	process	during	the	O&M	phase.	However,	this	study	focused	on	collecting	and	retrieving
actual	data	from	BAS	and	CMMS	systems	using	BIM	as	a	data	repository	during	the	O&M	phase.	The	second	study	was	conducted	by	Katipamula	et	al.	[79];	who	developed	an	approach	to	integrate	BIM	and	BAS	to	create	actionable
information	 that	 can	 lead	 to	work	 orders	 being	 processed	 through	 the	CMMS	 system	using	 an	 open-source	 reference	 platform,	VOLTTRON.	However,	 the	 approach	 presented	 in	 this	 article	was	 deployed	 in	 a	 limited	 number	 of
buildings,	due	to	the	high	cost	of	its	implementation,	which	requires	additional	sensing	devices	and	labour	to	discover	and	map	devices	into	the	BAS.	In	this	context,	this	review	shows	that	more	research	is	still	needed	with	a	focus	on:
(1)	mapping	a	process	for	information	exchange	and	interoperability	between	maintenance	systems,	CMMS	and	other	FM	systems	such	as	BEMS,	using	BIM	as	a	data	repository;	(2)	integrating	BIM	and	mixed	reality	technologies	to
improve	maintenance	efficiency.
5.4	Category:	energy	management
Monitoring	the	energy	performance	of	facilities	during	the	O&M	phase	is	essential	to	compare	the	actual	energy	performance	with	the	designed	parameters.	To	achieve	this,	BIM	can	be	a	promising	tool	as	a	data	conduit	that
can	collect	data	 from	different	stakeholders	during	different	phases	and	 integrate	 the	collected	data	with	data	 from	different	energy	management	systems	 for	 further	analysis.	However,	our	review	shows	that	very	 little	research
focused	 on	 using	BIM	 for	 facilities'	 energy	management.	 The	 very	 few	 identified	 studies	 presented	 different	 approaches	 to	 BIM	 implementation	 in	 energy	management,	which	 included:	 using	BIM	 for	monitoring,	 analysing	 and
optimising	 the	 performance	 of	 facility	 systems	 and	 accordingly	 building	 an	 operational	 strategy	 to	 be	 implemented	 [80];	 providing	 building	 energy	 consumption	 assessment	 that	 supports	management	 decision-making	 [81],	 and
visualizing	sensor	data	in	a	BIM	environment	to	support	energy-saving	management	decision-making	[82].	Other	studies	presented	a	conceptual	framework	that	integrates	COBie	and	energy	assessment	tools	to	develop	data	attributes
with	correct	information	for	effective	asset	information	modeling	(AIM)	[83],	and	a	framework	that	integrates	BIM,	sensor	data	and	regulatory	information	to	facilitate	the	compliance	checking	process	[84].	Recent	research	conducted
by	Francisco	et	al.	[85]	developed	a	Revit	plug-in	that	enables	visualisation	and	comparison	between	energy	consumption	values	in	2D	and	3D	views,	using	a	color-coding	scheme	in	an	as-built	BIM	model.	The	future	research	agenda
involves:	(1)	integrating	different	energy	information	streams,	including	BIM	models	to	enhance	the	visibility	of	facility	performance	and	to	promote	better	energy	management,	(2)	utilizing	information	collected	by	capturing	actual
facility	energy	data	in	BIM-based	simulations	for	more	efficient	energy	performance	analysis	to	support	energy	retrofit	decisions,	and	(3)	identifying	the	required	energy	data	from	BIM	models	from	a	FM	perspective.
5.5	Category:	existing	building	audits	and	surveys
Employing	laser	scanning	technology	in	the	context	of	BIM-based	projects	is	a	promising	approach	that	enables	spatial	data	acquisition	to	manage	building	operations	after	project	commissioning.	Integrating	BIM	as-built	and
point-cloud	as-built	data	with	FM	systems	can	improve	building	operations	[86].	The	current	literature	focuses	on	investigating	the	benefits	and	limitations	of	using	different	techniques	to	develop	as-built	BIM	models.	These	techniques
include	using:	a	pattern	recognition	concept	[87],	photogrammetric	image	processing	[88],	the	thermography	concept	[89],	and	a	point	cloud	technique	[86,90,91].	Other	research	studies	developed	a	semi-automated	approach	to	enable
quality	control	of	as-built	BIM	models	[92,93].	One	article	out	of	the	nine	reviewed	articles	in	this	area	tackled	the	interoperability	issue	and	proposed	an	automated	real-time	and	interoperable	method	to	perform	the	site-to-BIM	data
transfer	to	facilitate	the	process	of	generating	accurate	as-built	BIM	models	[94].	To	generate	as-built	BIM	models	for	FM	use,	the	future	agenda	involves:	(1)	developing	an	automated	checking	process	with	COBie	for	FM	use	to
improve	FM	information	quality,	(2)	integrating	rich	semantic	data	in	as-built	BIM	models	by	using	recognition	techniques,	and	(4)	automating	data	extraction	and	transfer	for	information	exchange	and	integration	purposes.
5.6	Category:	engagement	of	facilities	management	in	design	stage	through	BIM
To	achieve	efficient	facility	performance	during	the	O&M	phase,	specific	requirements	related	to	space	management,	occupancy	and	maintainability	have	to	be	considered	at	an	earlier	stage	of	the	facility	life	cycle.	BIM	has	the
capability	to	support	assessment	of	space	management,	occupancy	and	maintainability	during	the	concept	and	design	stages.	Wang	et	al.	(2013)	concluded	that	the	early	adoption	of	FM	requirements	in	the	design	stage	with	BIM
enables	the	building	life	cycle	costs	to	be	considerably	reduced.	Existing	research	in	this	area	focuses	on	feedback	loops	between	the	O&M	phase	and	the	design	phase	to	facilitate	the	designer-client	communication	in	the	architectural
design	process	for	pre-occupancy	evaluation	[22],	and	using	BIM	as	a	platform	to	engage	building	stakeholders	collaboratively	in	building	performance	improvement	decisions	[95].
Other	research	focused	on	developing	a	Revit	add-in	application	for	maintainability	checking	[96],	and	on	developing	a	tailored	approach	that	incorporates	BMS	information	in	a	BIM	environment	to	close	the	feedback	loop
between	the	operation	and	design	phases	of	the	building's	life-cycle	[97].	The	future	agenda	in	this	category	involves:	(1)	developing	a	process	for	automated	feedback	loops	between	O&M	and	design	phases.
5.7	Category:	refurbishment/retrofit
The	main	objective	of	performing	building	refurbishment	is	to	extend	the	existing	building's	life	and	to	improve	its	performance	[11],	while	the	retrofit	solution	focuses	specifically	on	enhancing	building	energy	performance	to
reduce	the	O&M	costs	[98].	Although	refurbishment/retrofit	is	an	important	component	of	FM,	there	has	been	less	research	focusing	on	this	area.	Only	five	articles	were	identified	in	this	category	and	they	were	focused	mainly	on
developing	a	virtual	 retrofit	model	 to	 support	energy	 retrofitting	decisions	 [98],	benchmarking	different	 facilities	using	BIM	 to	 support	decision-making	 in	 retrofits	of	aging	commercial	buildings	 [99],	 presenting	BIM	benefits	 for
renovation/retrofit	using	a	case	study	approach	[100][109]	and	linking	BIM	and	aging	housing	stock	data,	for	sustainable	retrofitting	[101].	However,	the	very	few	identified	studies	 in	this	area	also	highlight	the	potential	 for	more
research	to	explore	BIM	implementation	in	refurbishment/retrofit.	Thus,	the	future	agenda	in	this	area	involves:	(1)	integrating	different	facility	performance	information	sources	to	perform	retrofit	simulations	for	decision	making,	and
(2)	integrating	mixed	reality	along	with	BIM	to	facilitate	refurbishment	decisions.
5.8	Category:	health	and	safety	management
Our	review	highlights	the	noticeably	small	number	of	research	papers	focusing	on	BIM	application	in	health	and	safety	management.	Although	FM	tasks	require	safety	data	to	ensure	safe	operation	and	maintenance,	only	two
articles	were	identified	in	this	category	with	a	focus	on	BIM's	capabilities	in	improving	fire	safety	management	practices	and	supporting	the	maintenance	of	fire	safety	equipment	[91],	and	identifying	safety	attributes	required	for	safe
maintenance	and	repair	activities	during	the	O&M	phase	[7].	The	future	agenda	in	this	category	involves	(1)	integrating	health	and	safety	information	along	with	BIM	information	to	provide	a	rich	database	for	FM	systems,	and	(2)
utilizing	BIM	visualisation	capabilities	to	evaluate	if	safety	measures	for	maintenance	work	are	considered	during	the	design	stage.
6	Conclusion
This	paper	has	presented	an	overview	of	the	current	status	of	BIM	implementation	in	FM,	with	a	focus	on	information	exchange	and	interoperability	between	BIM	and	FM	systems.	A	total	of	113	articles,	published	between
2008	and	2018,	were	 identified	and	reviewed.	Existing	 literature	gaps	and	 future	agenda	have	been	outlined.	The	content	analysis	of	 the	existing	 literature	shows	 that	current	 research	 tends	 to	 focus	on	BIM-based	 technologies
integration	to	enhance	FM	practice,	rather	than	resolving	the	issues	regarding	facilities	information	management,	which	is	considered	as	the	backbone	for	successful	FM	practice.	Moreover,	the	main	concept	behind	extending	BIM
implementation	to	the	O&M	phase	is	to	utilise	the	benefits	of	BIM	capabilities	as	a	data	conduit	that	can	solve	the	interoperability	issue	between	the	various	FM	systems.	Although	the	research	trends	and	patterns	reveal	that	there	is	a
continuously	growing	 interest	 in	 facilities	 information	management	using	BIM,	and	a	 steep	 rise	 in	 the	number	of	publications	during	 the	 last	 three	years	on	 identification	of	 information	 requirements	and	 integration	of	different
information	sources,	nevertheless,	a	seamless	information	exchange	process	between	BIM	and	FM	systems	does	not	yet	exist.	A	successful	implementation	of	BIM	in	FM	requires	a	seamless	information	exchange	between	the	different
BIM-FM	systems.	Once	the	 information	 is	transferred	and	shared	between	the	different	BIM-FM	systems	seamlessly,	any	other	solution	can	be	possible.	However,	 in	our	review	we	identified	very	few	attempts	to	transfer	building
information	between	different	FM	systems	such	as	the	CMMS	and	BAS	using	BIM	as	a	data	conduit.	The	main	focus	of	the	studies	was	on	providing	real-time	data	access,	rather	than	a	process	for	seamless	information	exchange	to
overcome	the	interoperability	issue	between	BIM	and	FM	systems.	Our	review	of	the	current	literature	concluded	that	a	successful	implementation	of	BIM	in	FM	can	be	achieved	with	(1)	a	seamless	information	exchange	process
between	BIM	and	FM	systems,	 (2)	 a	 holistic	 guidance	 that	 encapsulates	 all	 the	FM	 information	 required	 for	 efficient	 operations	 across	 all	 systems	 and	building	 types,	 (3)	 a	well-defined	 information	quality	 process	 that	 ensures
owner/FM	needs	are	considered	carefully	in	BIM	models,	(4)	a	set	of	standardized	practical	processes	to	integrate	different	information	sources	related	to	maintenance	management	and	health	&	safety	management	tasks,	to	provide	a
rich	semantic	database	to	support	FM	systems,	(5)	a	standardized	process	for	feedback	loops	between	operations	and	design	phases	to	provide	rich	actual	feedback	to	support	efficient	facilities	design,	and	(6)	more	real-world	case
studies	to	investigate	the	current	status	of	BIM	implementation	in	FM.	Finally,	it	is	hoped	that	this	paper	will	contribute	to	further	developing	a	seamless	information	exchange	process	between	BIM	and	FM	systems	to	overcome	the
interoperability	issue	and	facilitate	BIM	implementation	in	FM.	Notwithstanding	the	strengths	of	this	study,	one	limitation	of	this	review	is	that	it	focuses	only	on	the	O&M	phase.	Further	review	studies	should	extend	the	discussion	to
review	the	information	exchange	and	interoperability	issues	throughout	the	whole	building	life	cycle.	BIM	implementation	in	FM	will	remain	a	growing	area	of	research	for	many	years	to	come.	Developments	in	this	area	require	joint
efforts	of	academia	and	industry	practitioners	to	overcome	the	current	challenges.
Appendix	A.	Supplementary	data
Supplementary	data	to	this	article	can	be	found	online	at	https://doi.org/10.1016/j.jobe.2019.100755.
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